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(57) ABSTRACT

An embodiment includes a valve comprising: a valve chan-
nel that couples a valve input to a valve output; a one-way
valve included within the channel; a filter; a first pressure
relief port, wherein the first pressure relief port 1s configured
to relieve negative pressure when pressure at the valve
output 1s less than pressure at the valve mput; a second
pressure relief port, wherein the second pressure relief port
1s configured to relieve positive pressure when pressure at
the valve output 1s greater than pressure at the valve input;
wherein the one-way valve includes a monolithic portion
that simultaneously seals the channel, the first pressure relief
port, and the second pressure relief port; wherein the filter
covers the first pressure relief port.
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1
FILTERED VACUUM RELIEFK VENT VALVEL

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to U.S. Provisional Patent

Application No. 62/877,925 filed on Jul. 24, 2019 and
entitled “Filtered Vacuum Reliel Vent Valve”, the content of
which 1s hereby incorporated by reference.

TECHNICAL FIELD

Embodiments of the invention are 1n the field of valves
and, 1n particular, cardiopulmonary bypass equipment.

BACKGROUND

In open heart surgery, excess blood may drain 1nto the left
ventricle of the heart, 1n the aortic root, or 1n the open chest
cavity. This can lead to distention of the ventricle or aorta
which may lead to complications during the procedure.
Providing suction to these areas may drain the blood from
these areas to prevent these complications and provide clean,
unobstructed views for the practitioner during the proce-
dures. However, providing excessive suction, reverse blood
flow back to these areas, or allowing excessive pressure to
build 1n these areas also pose potential complications to the
procedure.

Various extracorporeal circuits are utilized to allow for
fluud flow, drainage, and to relieve excessive pressure.
One-way or check valves are often used to control the
direction of fluid flow and to prevent reverse tlow. Relief
valves are employed to reduce excessive pressures and/or
relieve excessive vacuum.

BRIEF DESCRIPTION OF THE DRAWINGS

Features and advantages of embodiments of the present
invention will become apparent from the appended claims,
the following detailed description of one or more example
embodiments, and the corresponding figures. Where con-
sidered appropriate, reference labels have been repeated
among the figures to indicate corresponding or analogous
clements.

FIGS. 1(A) and 1(B) respectively depict varying angles of
exploded views of an embodiment of the invention. FIG.
1(C) depicts a cross-sectional view of the embodiment.
FIGS. 1(D) and 1(E) depict varying angles of assembled
views of the embodiment.

FIG. 2 depicts a cross-sectional view of an embodiment.

FIG. 3 depicts a frontal view of an embodiment.

FIG. 4 depicts an exploded view of an embodiment.

DETAILED DESCRIPTION

Reference will now be made to the drawings wherein like
structures may be provided with like sufhix reference des-
1gnations. In order to show the structures of various embodi-
ments more clearly, the drawings included herein are dia-
grammatic representations of structures. Thus, the actual
appearance ol the fabricated device, for example 1 a photo,
may appear diflerent while still incorporating the claimed
structures of the illustrated embodiments. Moreover, the
drawings may only show the structures useful to understand
the 1llustrated embodiments. Additional structures known in
the art may not have been included to maintain the clarity of
the drawings. “An embodiment”, “various embodiments™
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and the like indicate embodiment(s) so described may
include particular features, structures, or characteristics, but
not every embodiment necessarily includes the particular
features, structures, or characteristics. Some embodiments
may have some, all, or none of the features described for
other embodiments. “First”, “second”, “third” and the like
describe a common object and indicate different instances of
like objects are being referred to. Such adjectives do not
imply objects so described must be 1 a given sequence,
either temporally, spatially, in ranking, or in any other
manner. “Connected” may indicate elements are in direct
physical contact with each other and “coupled” may indicate
clements co-operate or interact with each other, but they may
or may not be 1n direct physical contact. Phrases such as
“comprising at least one of A and B” include situations with
A, B, or A and B.

Applicant determined the above-mentioned valves often
contain several elements to achieve the various functionality
described. Applicant determined these valves may have
complicated and unnecessary geometry which can cause
flow path obstructions and lead to increased thrombosis and
coagulation in the blood circuit which can lead to further
complications which includes occluding the valve. Appli-
cant determined these valves may be expensive and complex
to produce. Also, Applicant determined such valves do not
provide protection from external contaminates (e.g., from
acrolization of liqud 1n a fluid heater/cooler) which may
enter the blood through the various vacuum relief vents. (To
prevent excessive vacuum, the valves will open the vacuum
relief vent to atmosphere to allow external air to be suc-
tioned into the circuit to ensure excessive vacuum does not
collapse the ventricle or aorta).

Embodiments, however, address the drawbacks of the
above-mentioned valves. An embodiment provides a simple,
low cost design which incorporates necessary functionality
for valves of this nature as well as protection from external
contaminates which may otherwise be introduced into the
blood stream during open heart surgery.

An embodiment includes a vacuum relief vent valve to be
used 1n ventricular vent lines, an aortic vent line, auxiliary
suction lines used in cardiovascular surgery, or other lines
that interface the patient. An embodiment of a filtered
vacuum relief valve 1s comprised of a unidirectional duckball
valve, mlet and outlet housing bodies, and filter media. The
duckbill valve portion has a radial flange to cover vacuum
vent openings 1n the inlet body and a cylindrical sleeve
which covers pressure relief vents in the outlet body. The
vacuum relief valve contains filter media to cover the
external side of the vacuum relief vent to filter the air being
introduced to the blood stream through the vacuum vent
valves.

Various features of an embodiment contribute to solving
the above problems as, without limitation, the following: (1)
the duckbill valve provides unidirectional flow (with check
valve), positive pressure relief, and vacuum relief all in the
umque single design, and (2) the filter media provides
filtration of external air and potential contaminates through
the vacuum relief vents.

An embodiment uses a 0.2 micron pore size for the filter
media to prevent and protect against airborne bacteria that
may exist in the operating theater. However, other embodi-
ments may include 0.1, 3., 0.5, 0.7 (or combination thereof)
pore size. In an embodiment the duckbaill 1s constructed from
a tlexible, medical grade matenal (e.g., silicone) to allow for
proper functionality.

Embodiments are advantageous over conventional valves
because, without limitation, of the following: (1) embodi-
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ments provide unidirectional tlow (with check valve), posi-
tive pressure relief, and vacuum relief all 1n a single piece
duckbill valve design (or limited piece valve design), (2)
simpler construction for improved reliability and lower cost,
and (3) reduced thrombosis and coagulation of the blood as
a result of simplicity.

While many of the vent valve embodiments include a
filter, not all embodiments necessarily include a filter. While
some embodiments include a monolithic duckbill valve
(where the relief valve portion of the valve and the umdi-
rectional tlow portion of the valve are monolithic with each
other), 1n other embodiments the two portions may not be
monolithic with each other. Still other embodiments are not
limited to a duck valve.

In some embodiments the valve 1s a standalone product.
However, another embodiment includes a kit. For example,
the kit includes a valve described herein already attached to
a vent line. This pre-coupling of the valve and line relieve
some of the burden hospitals bare when needing to couple
(e.g., via cutting) valves mto existing lines. Other kits may
couple a valve to other lines not restricted to cardiac
perfusion.

In an embodiment the filter portion of the valve does not
contact fluid (e.g., blood) that traverses the valve (e.g.,
duckbill valve). An embodiment does, however, filter air that
comes 1n contact with blood.

A more detailed discussion of various embodiments now
follows.

A cardiopulmonary bypass circuit 1s a complex network
of disposable devices, tubing and equipment designed to
handle the circulation and oxygenation of blood during
cardiopulmonary bypass surgery. Fluid management is criti-
cal to the outcome of the procedures so several safety
devices are incorporated into the circuit to prevent retro-
grade (backward) tlow, manage pressures and ensure tluid 1s
being distributed where 1t needs to, when 1t needs to. Several
key components of the circuit include the cardioplegia
delivery system, aortic cardioplegia catheters, surgical
equipment used for the procedure (aortic punches and retrac-
totape) and a variety of safety valves used throughout the
circuit. Embodiments described herein address safety
valves. Such safety valves may be used 1n, for example and
without limitation, the following lines of the circuit: aortic
root suction line (e.g., a cardioplegia aortic catheter with
safety valve integrated into vent line), cardiotomy suction
line, left ventricular vent line, a line coupling an arterial filter
and bubble trap to an arterial blood gas sensor, and the like.

Applicant determined there 1s a risk for airborne pathogen
exposure to immunocompromised patients in the operating
room (OR). This 1s a direct result from, for example, 1ssues
associated with heater-cooler devices used for various pur-
poses 1n the OR during cardiopulmonary bypass surgery.
Heater-cooler devices are devices which use water reser-
voirs to store and heat or cool water to be pumped through
the oxygenator heat exchanger, cardioplegia heat exchanger,
and/or patient blankets. If not maintained properly, microbes
and bacteria thrive in the water reservoirs. In some heater-
cooler devices, the water tanks are not properly sealed.
When flowing, water 1s splashed around inside the device
and those bacteria and microbes can become aerosolized.
Cooling fans inside the heater-cooler device can then blow
the aerosolized bacteria throughout the OR (including into
the sterile field). This may lead to patient infections that in
turn lead to complications, long-term care or even death that
1s linked to the airborne microbes distributed by heater-
cooler devices.
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As aresult, Applicant designed embodiments that address
devices where air/patient interfaces might exist as a potential
site for infection. In some cases, the vacuum relief func-
tionality of the safety valves provides a direct contact point
where air 1s being sucked in from the environment and
ultimately mixed with patient blood. Thus, to promote
patient safety an embodiment includes a safety valve with a
mechanism to prevent airborne bacteria from entering the
blood volume through a filtration mechanism incorporated
into the valve.

Embodiments have several critical functions during use
such as, for example and without limitation: prevent retro-
grade flow (e.g., via a duckbill valve), provide vacuum relief
(c.g., when used on the ventricular vent line, the negative
pressure can prevent suction from causing the ventricle to
collapse on itselt should the negative pressures rise to unsaie
levels), provide positive pressure reliet (e.g., 1f the tubing 1s
loaded 1n backwards in the roller pump and turned on, the
positive pressure relief will relieve that pressure before the
duckbill 1s compromised and retrograde tlow 1s experience);
provide an air filtration mechanism to filter out airborne
bactenia/pathogens present in the OR. Embodiments may be
configured with a filter or without a filter and may 1mprove
performance for tlow and pressure drop.

FIGS. 1(A) and 1(B) depict a valve that further comprises
filter cover 101, filter media 102, mlet body 103, duckbill
valve 104, outlet body 105, pressure relief vent 106, vacuum
relief vent 107.

FIG. 1(C) (with unidirectional flow 110 via duckbaill valve
104) shows a path 109 for pressure from the output of the
channel to be relieved (i.e., positive pressure reliet). FIG.
1(A) shows an aperture 130 1n the outer housing for the
pressure reliel and FIG. 1(A) shows an aperture 106 1n a wall
(see pressure relief vent 106 for pressure reliel pathways
109, even though vent 106 1s not seen 1 FIG. 1(C)) that 1s
adjacent the duckbill valve. FIG. 1(C) shows a path 108 for
pressure from the mmput of the channel to be relieved (.e.,
vacuum relief pathway 108). For example, 11 a downstream
peristaltic pump (wherein “downstream™ 1s to the right of
duckbill valve in FIG. 1(C)) were to create a negative
pressure 1n region 112 the pressure could be alleviated via air
traversing along path 108 and across the duckbill valve to
region 112. FIG. 1(A) shows an aperture (vacuum relief vent
107) 1n the housing to facilitate path 108. The aperture 1s
covered by the filter medium 102 and filter cover 101 of FIG.
1(A).

FIG. 1(C) includes a valve that comprises filter cover 101,
filter media 102, mlet body 103, duckbill valve 104, outlet
body 105, a pressure relief vent (not shown 1n FIG. 1(C) due
to the location where cross-section 1s taken but the vent 1s
visible (1.e., vent 106) 1n FIG. 1(A)), and vacuum relief vent
107. Vent 106, 1f the cross-section of FIG. 1(C) were
changed by a small amount, may have an opening at the
location of circle 106 of FIG. 1(C). The valve further
includes a valve channel that couples a valve mput 111 to a
valve output 112. Pressure relief port 107 1s configured to
relieve negative pressure when pressure at the valve output
1s less than pressure at the valve iput. Pressure relietf port
106 1s configured to relieve positive pressure when pressure
at the valve output 1s greater than pressure at the valve input.
Valve 104 includes a monolithic portion that simultaneously
seals the channel, pressure relief port 107, and pressure
relief port 106. Filter 102 covers the pressure relief port 107.
Filter 102 does not cover pressure relief port 106.

The embodiment utilizes a one-way valve (e.g., duckbaill
valve 104) included within the channel. Valve 104 may
include a resilient material, such a silicone. In an alternative
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embodiment, the one-way valve includes a wagon wheel
valve such as the valve of FIG. 2 or 3. The valve of FIG. 2

includes sidewalls 217 that extend generally parallel to axis
213 such that they cover valve 206.

Returning to FIG. 2(C), filter medium 102 1s between
pressure relief port 107 and cover 101, cover 101 being
included in an outermost surface of the valve.

Channel long axis 113 intersects the valve mput and the
valve output. In an embodiment pressure relief port 107
includes a pressure relief port long axis (not shown) that 1s
parallel to the channel long axis 113. In an embodiment axis
114 1s orthogonal to channel long axis 113 and the mono-
lithic portion of valve 104 intersects axis 114 four times.
However, in other embodiments the monolithic portion of
valve 104 intersects axis 114 at least four times. In an
embodiment axis 114 intersects the pressure relief port 106
(not shown 1 FIG. 1{C)).

Duckbill valve 104 includes two opposing flaps 115, 116
that are biased towards one another 1n a resting state and that
directly contact one another in the resting state. The sche-
matic of FIG. 1(C) does not show the interface between the
two flaps (due to abstract high level nature of FIG. 1(C))
wherein such an interface would spread to form a void
between the two flaps when the valve 1s 1n a non-resting
state/active state.

FIG. 2 depicts a valve at a perspective that 1s more
abstract and higher level than the perspective of FIG. 1(C).
The valve includes the spoke valve of FIG. 3. Note the spoke
valve has a sidewall 217 that seals pressure relief vent 206
but not vacuum relief vent 207. FIG. 2 shows a path 209 for
pressure from the output of the channel to be relieved (1.e.,
positive pressure reliel) and a path 208 for pressure from the
input of the channel to be relieved (i.e., vacuum reliet).

FIG. 4 depicts a valve that comprises filter cover 401,
filter media 402, inlet body 403, duckbill valve (not shown
but located approximately at area 404), duckbill valve 404’
(which serves as a pressure relief vent), outlet body 405, and
vacuum relief vent 407.

Various examples are now addressed.

Example 1

A valve comprising: a valve channel that couples a valve
input to a valve output; a one-way valve included within the
channel; a filter; a first pressure relief port, wherein the first
pressure relietf port 1s configured to relieve negative pressure
when pressure at the valve output 1s less than pressure at the
valve input; a second pressure relief port, wherein the
second pressure relief port 1s configured to relieve positive
pressure when pressure at the valve output 1s greater than
pressure at the valve mput; wherein the one-way valve
includes a monolithic portion that simultaneously seals the
channel, the first pressure relief port, and the second pres-
sure relief port; wherein the filter covers the first pressure
reliet port.

As used herein, “monolithic” means “a single piece”. For
example, a monolithic portion of a valve may be formed
from additive manufacturing (e.g., 34 printing), a mold, two
pieces fixedly and permanently coupled to each other via a
permanent joint (e.g., weld, adhesive), and the like.

Another Version of Example 1

A valve comprising: a valve channel that couples a valve
input to a valve output; a one-way valve included within the
channel; a filter; a first pressure relief port, wherein the first
pressure relief port 1s configured to relieve pressure when
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pressure at the valve output 1s less than pressure at the valve
input; a second pressure reliel port, wherein the second
pressure relief port 1s configured to relieve pressure when
pressure at the valve output 1s greater than pressure at the
valve input; wherein the one-way valve includes a mono-
lithic portion that simultaneously seals the channel, the first
pressure relief port, and the second pressure relief port;
wherein the filter covers the first pressure relief port.

Such a valve may be included as a stand-alone valve or in
a system of valves of which the valve 1s just one valve of
several valves that cooperate to regulate flow of a fluid
(wherein a “fluid” as used herein includes both liquids and
gases ).

Another Version of Example 1

A valve comprising: a valve channel that couples a valve
iput to a valve output; a check valve included within the
channel; a filter; a first pressure relief port, wherein the first
pressure relief port 1s configured to relieve negative pressure
when pressure at the valve output 1s less than pressure at the
valve 1nput; a second pressure relief port, wherein the
second pressure relief port 1s configured to relieve positive
pressure when pressure at the valve output 1s greater than
pressure at the valve mput; wherein the check valve includes
a monolithic portion that simultaneously seals the channel,
the first pressure relief port, and the second pressure relief
port; wherein the filter covers the first pressure relief port.

A check valve, clack valve, non-return valve, reflux valve,
retention valve or one-way valve 1s a valve that normally
allows flmd (ligud or gas) to flow through it 1n only one
direction. A check valve may be a two-port valve, meaning
the valve has two openings 1n the body, one for fluid to enter
and the other for fluid to leave.

Another Version of Example 1

A valve comprising: a valve channel that couples a valve
input to a valve output; a valve included within the channel;
a filter; a first pressure relief port, wherein the first pressure
relief port 1s configured to relieve negative pressure when
pressure at the valve output 1s less than pressure at the valve
input; a second pressure relief port, wherein the second
pressure relief port 1s configured to relieve positive pressure
when pressure at the valve output 1s greater than pressure at
the valve mnput; wherein the valve includes a monolithic
portion that simultaneously seals the channel, the first pres-
sure relief port, and the second pressure relief port; wherein
the filter covers the first pressure relietf port.

Example 2

The valve of example 1 wherein the one-way valve
includes a resilient material.

Example 3

The valve of example 2 wherein the one-way valve 1s a

duckbill valve.

Example 4

The valve of example 2 wherein the one-way valve 1s a
wagon wheel valve.
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Example 5

The valve of example 2 wherein the {filter does not cover
the second pressure relief port.

Example 6

The valve of example 5 comprising a filter medium and a
cover, wherein: the filter medium 1s between the {first pres-
sure relief port and the cover; the cover 1s included in an
outermost surface of the valve.

Example 7

The valve of example 5 wherein: the channel includes a
channel long axis that intersects the valve input and the
valve output; the first pressure reliel port includes a first
pressure relief port long axis that i1s parallel to the channel
long axis.

Example 8

The valve of example 5 wherein: the channel includes a
channel long axis that intersects the valve input and the
valve output; an additional axis 1s orthogonal to the channel
long axis; the monolithic portion intersects the additional
axis four times.

Example 9

The valve of example 8 wherein the additional axis
intersects the second pressure relief port.

Example 10

The valve of example 5 wherein: the channel includes a
channel long axis that intersects the valve input and the
valve output; an additional axis 1s orthogonal to the channel
long axis; the monolithic portion intersects the additional
axis at least four times.

Example 11

The valve of example 3, wherein: the duckbill valve
includes two opposing flaps; the two opposing flaps are
biased towards one another 1n a resting state; the two
opposing tlaps directly contact one another in the resting
state.

Example 12

The valve of example 2 wherein the resilient material
includes silicone.
Examples 13-20 are omuitted.

Example 21

A valve comprising: a valve channel that couples a valve
input to a valve output; a one-way valve included within the
channel; a filter; a first pressure relief port, wherein the first
pressure relietf port 1s configured to relieve negative pressure
when pressure at the valve output 1s less than pressure at the
valve 1nput; a second pressure reliel port, wherein the
second pressure relief port 1s configured to relieve positive
pressure when pressure at the valve output 1s greater than
pressure at the valve mput; wherein the one-way valve 1s
configured to simultaneously seal the channel, the first
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pressure relief port, and the second pressure relief port;
wherein the filter 1s configured to filter air that passes
through the first pressure relief port from outside the valve.

Thus, not all embodiments require the valve to be mono-
lithic.

Another Version of Example 21

A valve comprising: a valve channel that couples a valve
input to a valve output; a one-way valve included within the
channel; a filter; a first pressure relief port, wherein the first
pressure reliel port 1s configured to relieve pressure when
pressure at the valve output 1s less than pressure at the valve
input; a second pressure relief port, wherein the second
pressure relief port 1s configured to relieve pressure when
pressure at the valve output 1s greater than pressure at the
valve input; wherein the one-way valve 1s configured to
simultaneously seal the channel, the first pressure reliet port,
and the second pressure relief port; wherein the filter 1s
configured to filter air that passes through the first pressure
relief port from outside the valve.

Example 22

The valve of example 21 wherein the one-way valve
includes a resilient material.

Example 23

The valve of example 22 wherein the one-way valve 1s a

duckbill valve.

Example 24

The valve of example 22 wherein the one-way valve 1s a
wagon wheel valve.

Example 25

The valve of example 22 wherein the filter does not cover
the second pressure relief port.

Example 26

The valve of example 25 comprising a filter medium and
a cover, wherein: the filter medium i1s between the first
pressure relief port and the cover; the cover 1s included 1n an
outermost surface of the valve.

Example 27

The valve of example 25 wherein: the channel includes a
channel long axis that intersects the valve input and the
valve output; the first pressure relief port includes a first
pressure relief port long axis that 1s parallel to the channel
long axis.

Example 28

The valve of example 25 wherein: the channel includes a
channel long axis that intersects the valve input and the
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valve output; an additional axis 1s orthogonal to the channel
long axis; the one-way valve intersects the additional axis
four times.

Example 29

The valve of example 28 wherein the additional axis
intersects the second pressure relief port.

Example 30

The valve of example 25 wherein: the channel includes a
channel long axis that intersects the valve input and the
valve output; an additional axis 1s orthogonal to the channel

long axis; the one-way valve intersects the additional axis at
least four times.

Example 31

The valve of example 23, wherein: the duckbill valve
includes two opposing flaps; the two opposing flaps are
biased towards one another in a resting state; the two
opposing flaps directly contact one another in the resting
state.

Example 32

The valve of example 22 wherein the resilient material
includes silicone.

Example 33

The valve of example 22 wherein the one-way valve
includes a monolithic portion configured to simultaneously
seal the channel, the first pressure relief port, and the second
pressure relief port.

Example 34

The valve of example 5 or 15 wherein: the first pressure
reliet port 1s configured to be upstream of the one-way valve;
the second pressure relief port 1s configured to be down-
stream of the one-way valve.

Example 35

The valve of example 5 or 15 wherein: the first pressure
reliet port 1s configured to be between the valve mput and
the one-way valve; the second pressure relief port 1s con-

figured to be between the valve output and the one-way
valve.

Example 36

The valve of example 5 or 15 wherein: the first pressure
reliet port 1s configured to fluidly couple to the valve input
when (a)(1) pressure at the valve output 1s less than pressure
at the valve iput, and (a)(11) the one-way valve 1s closed; the
second pressure relief port 1s configured to fluidly couple to
the valve output when (b)(1) pressure at the valve output 1s
greater than pressure at the valve input, and (b)(11) the
one-way valve 1s closed.
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Example 37

The valve of example 5 or 15 wherein both of the first and
second pressure relief ports directly contact the one-way
valve when neither of the first or second pressure relief ports
1s relieving pressure.

Example 38

The valve of example 5 or 15 wherein: the valve includes
an outermost surface; the outermost surface includes a third
pressure reliet port; the third pressure relietf port 1s config-
ured to relieve pressure when: (a) pressure at the valve
output 1s greater than pressure at the valve input, and (b) the
one-way valve 1s closed.

Example 39

The valve of example 38 wherein: the third pressure reliet
port 1s configured to fluidly couple to relieve pressure when:
(a) pressure at the valve output i1s greater than pressure at the
valve input, and (b) the one-way valve 1s closed.

Example 40

The valve of example 1 or 21 comprising: a third pressure
reliefl port, wherein the third pressure relief port 1s config-
ured to relieve positive pressure when pressure at the valve
output 1s greater than pressure at the valve input; wherein the
monolithic portion simultaneously seals the channel, the first
pressure relief port, the second pressure relief port, and the
third pressure reliet port.

For example, note in FIG. 1(C) path 109 1s shown to
engage valve 104 at two locations (see circles on FIG. 1(C)).
Embodiments may have one istance of port 106, two
instances of port 106, or more than two instances of port

106.

Example 40

The valve of example 1 or 21 comprising: a third pressure
reliefl port, wherein the third pressure relief port 1s config-
ured to relieve negative pressure when pressure at the valve
output 1s less than pressure at the valve mput; wherein the
monolithic portion simultaneously seals the channel, the first
pressure relief port, the second pressure relief port, and the
third pressure relietf port.

Thus, embodiments may allow for more than once
instance of port 107.

Example 1a

A valve comprising: a valve channel that couples a valve
input to a valve output; a one-way valve included within the
channel; a filter; a first pressure relief port, wherein the first
pressure relief port 1s configured to relieve negative pressure
when pressure at the valve output 1s less than pressure at the
valve 1nput; a second pressure reliel port, wherein the
second pressure relief port 1s configured to relieve positive
pressure when pressure at the valve output 1s greater than
pressure at the valve input; wherein the one-way valve
includes a monolithic portion that simultaneously seals the
channel, the first pressure relief port, and the second pres-
sure relief port; wherein the filter covers the first pressure
relief port.
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Example 2a

The valve of example la wherein the one-way valve
includes a resilient material.

Example 3a

The valve according to any of examples 1a-2a wherein the
one-way valve 1s a duckbill valve.

Example 4a

The valve according to any of examples 1a-2a wherein the
one-way valve 1s a wagon wheel valve.

Example 3a

The valve according to any of examples 1a-4a wherein the
filter does not cover the second pressure relief port.

Example 6a

The valve according to any of examples 1a-5a comprising,

a filter medium and a cover, wherein: the filter medium 1s
between the first pressure relief port and the cover; the cover
1s 1mncluded 1n an outermost surface of the valve.

Example 7a

The valve according to any of examples l1a-6a wherein:
the channel includes a channel long axis that intersects the
valve mput and the valve output; the first pressure relief port
includes a first pressure relief port long axis that i1s parallel
to the channel long axis.

Example 8a

The valve according to any of examples 1a-6a wherein:
the channel 1includes a channel long axis that intersects the
valve input and the valve output; an additional axis 1s
orthogonal to the channel long axis; the monolithic portion
intersects the additional axis four times.

Example 9a

The valve of example 8a wherein the additional axis
intersects the second pressure relief port.

Example 10a

The valve according to any of examples la-6a wherein:
the channel includes a channel long axis that intersects the
valve mput and the valve output; an additional axis 1s
orthogonal to the channel long axis; the monolithic portion
intersects the additional axis at least four times.

Example 11a

The valve of example 3a, wherein: the duckbill valve
includes two opposing flaps; the two opposing flaps are
biased towards one another 1n a resting state; the two
opposing flaps directly contact one another in the resting
state.
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Example 12a

The valve according to any of examples 2a-11a wherein
the resilient material includes silicone.
Examples 13a-20a are omatted.

Example 21a

A valve comprising: a valve channel that couples a valve
input to a valve output; a one-way valve included within the
channel; a filter; a first pressure relief port, wherein the first
pressure relief port 1s configured to relieve negative pressure
when pressure at the valve output 1s less than pressure at the
valve 1nput; a second pressure reliel port, wherein the
second pressure relief port 1s configured to relieve positive
pressure when pressure at the valve output 1s greater than
pressure at the valve mput; wherein the one-way valve 1s
configured to simultaneously seal the channel, the first
pressure relief port, and the second pressure relief port;
wherein the filter 1s configured to filter air that passes
through the first pressure relief port from outside the valve.

Thus, not all embodiments require the valve to be mono-
lithic.

Example 22a

The valve of example 21a wherein the one-way valve
includes a resilient material.

Example 23a

The valve according to any of examples 21a-22a wherein
the one-way valve 1s a duckbill valve.

Example 24a

The valve according to any of examples 21a-22a wherein
the one-way valve 1s a wagon wheel valve.

Example 23a

The valve according to any of examples 21a-24a wherein
the filter does not cover the second pressure relief port.

Example 26a

The valve according to any of examples 21a-23a com-
prising a filter medium and a cover, wherein: the filter
medium 1s between the first pressure relief port and the
cover; the cover 1s included 1n an outermost surface of the
valve.

Example 27a

The valve according to any of example 21a-26a wherein:
the channel includes a channel long axis that intersects the
valve 1mnput and the valve output; the first pressure relief port
includes a first pressure relief port long axis that is parallel
to the channel long axis.

Example 28a

The valve according to any of example 21a-26a wherein:
the channel 1includes a channel long axis that intersects the
valve input and the valve output; an additional axis 1s
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orthogonal to the channel long axis; the one-way valve
intersects the additional axis four times.

Example 29a

The valve of example 28a wheremn the additional axis
intersects the second pressure relief port.

Example 30a

The valve according to any of example 21a-26a wherein:
the channel 1includes a channel long axis that intersects the
valve input and the valve output; an additional axis 1s
orthogonal to the channel long axis; the one-way valve
intersects the additional axis at least four times.

Example 31a

The valve of example 23a, wherein: the duckbill valve
includes two opposing flaps; the two opposing flaps are
biased towards one another 1n a resting state; the two

opposing flaps directly contact one another in the resting
state.

Example 32a

The valve of example 22a wherein the resilient matenal
includes silicone.

Example 33a

The valve according to any of examples 21a-32a wherein
the one-way valve includes a monolithic portion configured
to simultaneously seal the channel, the first pressure relief
port, and the second pressure relief port.

Example 1b

A valve comprising: a valve channel that couples a valve
input to a valve output; a one-way valve included within the
channel; a filter; a first pressure relief port, wherein the first
pressure relief port 1s configured to relieve negative pressure
when pressure at the valve output 1s less than pressure at the
valve 1nput; a second pressure reliel port, wherein the
second pressure relief port 1s configured to relieve positive
pressure when pressure at the valve output 1s greater than
pressure at the valve input; wherein the one-way valve
includes a monolithic portion that simultaneously seals the
channel, the first pressure relief port, and the second pres-
sure relief port; wherein the filter covers the first pressure
relief port.

Example 2b

The valve of example 1b wherein the one-way valve
includes a resilient material.

Example 3b

The valve according to any of examples 1b-2b wherein
the one-way valve 1s a duckbill valve.

Example 4b

The valve according to any of examples 1b-2b wherein
the one-way valve 1s a wagon wheel valve.
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Example 3b

The valve according to any of examples 1b-4b wherein
the filter does not cover the second pressure relief port.

Example 6b

The valve according to any of examples 1b-4b comprising
a filter medium and a cover, wherein: the filter medium 1s
between the first pressure relief port and the cover; the cover
1s 1included 1n an outermost surface of the valve.

Example 7b

The valve according to any of examples 1b-4b wherein:
the channel 1includes a channel long axis that intersects the
valve mput and the valve output; the first pressure relief port
includes a first pressure relief port long axis that is parallel
to the channel long axis.

Example 8a

The valve according to any of examples 1b-4b wherein:
the channel includes a channel long axis that intersects the
valve input and the valve output; an additional axis 1s
orthogonal to the channel long axis; the monolithic portion
intersects the additional axis four times.

Example 9b

The valve of example 8b wheremn the additional axis
intersects the second pressure relief port.

Example 10b

The valve according to any of examples 1b-4b wherein:
the channel includes a channel long axis that intersects the
valve input and the valve output; an additional axis 1s
orthogonal to the channel long axis; the monolithic portion
intersects the additional axis at least four times.

Example 11b

The valve of example 3b, wherein: the duckbill valve
includes two opposing flaps; the two opposing flaps are
biased towards one another in a resting state; the two
opposing tlaps directly contact one another in the resting
state.

Example 12b

The valve according to any of examples 1b-4b wherein

the resilient material includes silicone.
Examples 13b-20b are omutted.

Example 21b

A valve comprising: a valve channel that couples a valve
input to a valve output; a one-way valve included within the
channel; a filter; a first pressure relief port, wherein the first
pressure relief port 1s configured to relieve negative pressure
when pressure at the valve output 1s less than pressure at the
valve 1nput; a second pressure reliel port, wherein the
second pressure relief port 1s configured to relieve positive
pressure when pressure at the valve output i1s greater than
pressure at the valve mput; wherein the one-way valve 1s
configured to simultaneously seal the channel, the first
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pressure relief port, and the second pressure relief port;
wherein the filter 1s configured to filter air that passes
through the first pressure relief port from outside the valve.

Thus, not all embodiments require the valve to be mono-
lithic.

Example 22b

The valve of example 21b wherein the one-way valve
includes a resilient material.

Example 23b

The valve according to any of examples 21b-22b wherein
the one-way valve 1s a duckbill valve.

Example 24b

The valve according to any of examples 21b-22b wherein
the one-way valve 1s a wagon wheel valve.

Example 235b

The valve according to any of examples 21b-24b wherein
the filter does not cover the second pressure relief port.

Example 26b

The valve according to any of examples 21b-24b com-
prising a filter medium and a cover, wherein: the filter
medium 1s between the first pressure reliel port and the
cover; the cover 1s included 1n an outermost surface of the
valve.

Example 27b

The valve according to any of example 21b-24b wherein:
the channel 1includes a channel long axis that intersects the
valve input and the valve output; the first pressure relief port
includes a first pressure relief port long axis that 1s parallel
to the channel long axis.

Example 28b

The valve according to any of example 21b-24b wherein:
the channel includes a channel long axis that intersects the
valve input and the valve output; an additional axis 1s
orthogonal to the channel long axis; the one-way valve
intersects the additional axis four times.

Example 29b

The valve of example 28b wherein the additional axis
intersects the second pressure relief port.

Example 30b

The valve according to any of example 21b-24b wherein:
the channel includes a channel long axis that intersects the
valve mput and the valve output; an additional axis 1s
orthogonal to the channel long axis; the one-way valve
intersects the additional axis at least four times.

Example 31b

The valve of example 23b, wherein: the duckbill valve
includes two opposing flaps; the two opposing flaps are
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biased towards one another in a resting state; the two
opposing tlaps directly contact one another in the resting
state.

Example 32b

The valve of example 22b wherein the resilient material
includes silicone.

Example 33b

The valve according to any of examples 21b-24b wherein
the one-way valve includes a monolithic portion configured
to simultaneously seal the channel, the first pressure relief
port, and the second pressure relief port.

The foregoing description of the embodiments of the
invention has been presented for the purposes of illustration
and description. It 1s not intended to be exhaustive or to limait
the invention to the precise forms disclosed. This description
and the claims following include terms, such as left, right,
top, bottom, over, under, upper, lower, first, second, etc. that
are used for descriptive purposes only and are not to be
construed as limiting. For example, terms designating rela-
tive vertical position refer to a situation where a side of a
substrate 1s the “top” surtace of that substrate; the substrate
may actually be 1n any orientation so that a “top” side of a
substrate may be lower than the “bottom™ side 1n a standard
terrestrial frame of reference and still fall within the mean-
ing of the term “top.” The embodiments of a device or article
described herein can be manufactured, used, or shipped 1n a
number of positions and orientations. Persons skilled in the
relevant art can appreciate that many modifications and
variations are possible in light of the above teaching. Per-
sons skilled 1n the art will recognize various equivalent
combinations and substitutions for various components
shown 1n the Figures. It 1s therefore intended that the scope
of the invention be limited not by this detailed description,
but rather by the claims appended hereto.

What 1s claimed 1s:
1. A valve comprising:

a valve body having a duckbill valve and a main valve
channel, the main valve channel including a valve inlet,
a valve outlet, an upstream channel portion between the
valve inlet and the duckbill valve, and a downstream
channel portion between the duckbill valve and the
valve outlet;

a first pressure relief port providing a fluid path from the
upstream channel portion to atmosphere outside the
valve body; and

a second pressure relief port providing a fluid path from
the downstream channel portion to the atmosphere
outside the valve body;

wherein 1 a closed configuration the duckbill valve
includes a monolithic portion that simultaneously
closes the channel, the first pressure relief port, and the
second relief port.

2. The valve of claim 1 comprising a filter that covers the
first pressure relief port.

3. The valve of claim 2 wherein the duckbill valve
includes a resilient material.

4. The valve of claim 3 wherein the filter does not cover
the second pressure relief port.
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5. The valve of claim 4 comprising a filter medium and a

cover, wherein:

the filter medium 1s between the first pressure relief port
and the cover;

the filter medium 1s included 1n the filter;

the cover 1s included 1n an outermost surface of the valve.

6. The valve of claim 4 wherein

the valve inlet input 1sin configured to be upstream of the
valve outlet output.

7. The valve of claim 4 wherein:

the channel includes a channel long axis that intersects the
valve 1nlet and the valve outlet;

an additional axis 1s orthogonal to the channel long axis;

the monolithic portion intersects the additional axis at
least four times.

8. The valve of claim 7 wherein the additional axis

intersects the second pressure relief port.

9. The valve of claim 1, wherein:

the duckbill valve includes two opposing flaps;

the two opposing tlaps are biased towards one another 1n
a resting state;

the two opposing flaps directly contact one another in the
resting state.

10. A valve comprising:

a housing including a channel having upstream and down-
stream channel portions that couple a valve mput to a
valve output;

a duckbill valve included within the channel and between
the upstream and downstream channel portions;

a first pressure relief port providing a first fluid path from
the upstream channel portion to atmosphere outside the
housing; and

a second pressure relief port providing a second fluid path
from the downstream channel portion to the atmo-
sphere outside the housing;
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a filter covering the first pressure relief port;

wherein 1 a closed configuration the duckbill valve
includes a monolithic portion that simultaneously
closes the channel, the first pressure fluid path, and the
second fluid path;

wherein 1n a first open configuration the monolithic
portion opens the first fluid path but closes the second
fluad path;

wherein 1 a second open configuration the monolithic
portion closes the first fluid path but opens the second
fluid path;

wherein the filter 1s configured such that the filter filters
air that passes through the first pressure relief port from
the atmosphere outside the housing.

11. The valve of claim 10 wherein the duckbill valve

includes a resilient matenal.

12. The valve of claim 11 wherein the filter does not cover

the second pressure relief port.

13. The valve of claim 12 comprising a filter medium and

a cover, wherein:

the filter medium 1s between the first pressure relief port
and the cover;

the filter medium 1s 1included 1n the filter;

the cover 1s included 1n an outermost surface of the valve.

14. The valve of claim 12 wherein:

the channel includes a channel long axis that intersects the
valve input and the valve output;

the first pressure reliel port includes a first pressure relief
port long axis that 1s parallel to the channel long axis.

15. The valve of claim 12 wherein:

the channel includes a channel long axis that intersects the
valve 1mput and the valve output;

an additional axis 1s orthogonal to the channel long axis;

the duckbill valve intersects the additional axis at least
four times.

16. The valve of claim 15 wherein the additional axis

intersects the second pressure relief port.

G o e = x
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